The virus adsorption-elution technique (VIRADEL) using electropositively charged filters is used frequently for recovering enteric viruses from water. The filter-absorbed virus is typically eluted, concentrated, and subsequently detected by culture or molecular methods. Human norovirus (HuNoV), one of the most important waterborne pathogens, cannot be cultivated by conventional culture methods and is typically detected using a reverse transcriptase-polymerase chain reaction (RT-PCR) assay. However, it is plausible that various inhibitors could be concentrated simultaneously during the VIRADEL process and affect RT-PCR assays. In this study, we evaluated the effect of typical inhibitors, including humic acid, heavy metals, and salt, on the recovery of norovirus by two different electropositive filters: 1MDS and Nanoceram. Known amounts of HuNoV and murine norovirus were inoculated in 1 L of surface water containing various concentrations of humic acid, heavy metals (cadmium and lead), or NaCl. Our results indicate that the presence of heavy metals or salt significantly reduced the recovery of virus from the electropositive filters. Thus, care should be taken when analyzing waterborne norovirus using electropositive filters in environments with high concentrations of heavy metal inhibitors or salts.
INTRODUCTION
Island, NY, USA) containing 10% fetal bovine serum (Invitrogen/Gibco, Rockville, MD, USA), 10 mM 4-(2hydroxyethyl)-1-piperazineethanesulfonicacid, 10 mM nonessential amino acids, 10 mM sodium bicarbonate, and 50 μg/mL gentamicin. All cell culture reagents were purchased from Invitrogen (Carlsbad, CA, USA). Cultured RAW264.7 cells were infected by MNV at a multiplicity of infection of 100 and incubated for 3-4 days. The infected cells were then frozen and thawed three times to release the viruses. The resulting cell suspensions were subjected to chloroform extraction using an equal volume of chloroform, followed by centrifugation at 4,000 × g for 20 min at 
RESULTS
Effect of NaCl, humic acid, Pb, and Cd on MNV recovery (Figure 1(a) ).
However, by a plaque assay, the recovery rates of MNV in DW were 19.5 and 15.2% for 1MDS and Nanoceram, respectively. As the concentrations of NaCl increased, the recovery rates using the 1MDS (Kruskal-Wallis test, P ¼ 0.025) and Nanoceram filters (Kruskal-Wallis test, P ¼ 0.022) decreased. For example, the mean recovery rates using 1MDS as measured by real-time RT-PCR decreased from 57.3 to 5.9, 1.9, and 1.5% at NaCl concentrations of 0.5, 0.7, and 1 M, respectively. For the Nanoceram filters, the recovery rates at these concentrations also decreased from 45.6 to 10.8, 8.5, and 7.4%. However, the inhibitory effect of NaCl on viral recovery was slightly lower for the 1MDS filter. Consistent results were obtained using plaque assays. As shown in Figure 1(b) , the recovery of MNV decreased significantly from 19.5 to 1.5% and from 15.2 to 2.2% using 1MDS and Nanoceram filters, respectively, as the NaCl concentration increased from 0 to 1 M. Based on the results of the non-parametric Kruskal-Wallis test, there was a significant difference between the filter types in recovery efficiency at different NaCl concentrations (P ¼ 0.022 for the 1MDS filter, and P ¼ 0.015 for the Nanoceram filter). at lead concentrations of 0.001, 0.1, and 1 ppm. In contrast, the recovery rates measured by real-time RT-PCR were reduced by more than 52.3% even at a Cd concentration of 0.005 ppm. When measured by a plaque assay, the overall recovery rates were lower than by real-time RT-PCR. However, the percentage reduction in viral recovery rose as the heavy metal concentration increased (Figure 3(b) and (d) ).
MNV recovery by the 1MDS filter as determined by plaque assays dropped significantly from 19.5% to 6.7, 3.9, and 1.5% as the concentration of lead was increased from 0 to 0.001, 0.01, and 1 ppm, respectively (P ¼ 0.016). Due to recovery rates <20%, there was no significant difference among the lead concentrations (0.001, 0.1, and 1 ppm) by the Mann-Whitney U test. With the Nanoceram filter,
MNV recovery was also significantly reduced from 15.2% to 1.9, 0.9, and 0.4% (P ¼ 0.019). As with Pb, the recovery rates were sharply reduced as the Cd concentration increased (Figure 3(d) ). The MNV recovery rates were < 1% in all Cd-containing solutions for both filters. and Nanoceram filters, respectively. The recovery rates of HuNoV GII-4 decreased significantly for both the 1MDS (Mann-Whitney U test, P ¼ 0.013) and Nanoceram (Mann-Whitney U test, P ¼ 0.021) filters as the NaCl concentration increased in the water (Figure 4(a) ), but there was no significant difference among the NaCl concentrations (0.5, 0.7, and 1 M). The HuNoV GII-4 recovery rates were also greatly affected by the presence of humic acid (Figure 4(b) ): recovery was significantly lower regardless of the humic acid concentration for both tested filters (Mann-Whitney U test, P ¼ 0.013 for both filters). There was no significant difference among the tested concentrations (25, 50, and 100 mg/L) of humic acid in terms of viral recovery. The HuNoV GII-4 recovery rates were also reduced by both Pb and Cd (Figure 4(c) and (d) ). Unlike the other inhibitors, there was a significant difference among the tested concentrations of Pb (0.001, 0. Nanoceram filters. The 1MDS recovery rates appeared to be more sensitive to NaCl, particularly when determined by real-time RT-PCR. However, the 1MDS filter appeared to be more resistant to the effect of Pb regardless of the type of virus (MNV or HuNoV GII-4) and analytical assay (real-time RT-PCR and plaque assays).
Effect of salt and inhibitors on HuNoV GII-4 recovery

DISCUSSION
Our study demonstrates that the presence of salt, humic acid, and heavy metals significantly reduced viral recovery from water using 1MDS or Nanoceram filters and as Our data indicate that the presence of humic acid also interfered with viral recovery. Humic acid is known to compete with viruses for adsorption onto filter surfaces. As the con- we suggest that cartridge-type filters should also be evaluated.
CONCLUSIONS
In conclusion, the presence of various chemicals such as salt, humic acid, and heavy metals resulted in lower waterborne virus recovery rates by the 1MDS and Nanoceram electropositive filters. The level of inhibition depended on the analytical method used and the inhibitors present.
Therefore, the chemical composition of field water samples should be well characterized prior to using these electropositive filters.
